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`pfNPSe{ahP¦SR{gz(SRoplrbdjgmi`R«
ETS(n)(oi, pj)
j`ºbdNPS Selrop¦©jSR`cbFbdjQS0lb¥NjfNbdNPSYgmz:S&olbpj©gi
oi
fRlri`sblrodb
j©bp`%SaSRf&habdjgmi"gmi£bpNPSzPopg_f&SR`p`cgo
pj
«$lri{
LTE(n)(oi)
jk` bdNPS¦lrbdSR`cb­`cbplrodb bdjQS¨¼odgQ[S&i({"gr¨
oi
«
{PS±iPSe{ bpg"(SbpNPS¦©SRiPrbpNIgm¨xbpNPS¦©giPmSe`sbzlrbdN¯¨¼odgQ
oi
bdg
Alg
² `ghabdzPhPb°gmz:S&olbdjgmi(`& I¡vNPS&i
f&gmQzPhabpj©i®bpNPS¦S&irbdNgr¨­bdNPjk`zlbpN1«Y`djifSbdNPS"gz(SRoplrbdjgmi`6lri{{Plbl#{aS&z:S&i{PS&if&j©Se`lmodSiPgrb
`pfNPSe{ahP¦SR{ ^Sbe«º¥/S{PgiPgmbig¥ bdNPSRj©o¡ U  ºM ª opSR`dz1 $¡vUU/My¬«F`cg£¥Sf&gmQzPhabpS6bpNPSlA¤mSRoplmmS
¡ U  ºM ª odSe`cz1 ¡vUU/My¬%gr¨ySelmfN´gmz:S&olbpj©gi ª opSR`dz1 {lbplr8{PS&z:S&i{aSRif^P¬ gi®lr¦¦ºzodgafSe`d`dgmo` ª opSR`dz1 
f&gmQQ­hiPjfRlbpj©gi¦j©iPa`¬ 
¶jop`cbR«P¥/S mSRiPS&olr¦j©»RSxbpNPS%`pfNPSR{ah¦©S zPopSR`p`chodS
σ
bpg°l`cS&bygr¨zodgafSe`d`dgmo`R³
σ(n)(oi,Pk) = ETS
(n)(oi,Pk) + LTE
(n)(oi) − CPL
(n−1) ª f¬
¥NS&opS
ETS(n)(oi,Pk) = maxpj∈Pk ETS
(n)(oi, pj)
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:SQjiPj©Qj»&Se{lmi{bdNS d0\a¶$w lm`l
f&gmi`cbdolrjibbdg:S%QSbR³F¨¼gmoySelmfNf&lri({aj{lbdS0gz(SRoplrbdjgmi
oi ∈ L
(n)
cand
«P¥S%f&gmQzPhabpS0bdNS0(Se`sbt`dhP`dSb
gm¨zPopgafSe`d`dgmo`FbpgSaSRf&habdS
oi
¥j©bdNSe¾h(lbdjgmi ª    ¬³
P
(n)
best(oi) = Pj ∈ 2
P `R  bR  ª  m¬
σ(n)(oi,Pj) = min
Pk∈2P
{
σ(n)(oi,Pk) |Λ
(n)(oi,Pk) ≤ Λobj
}
¥NS&opS
Λ(n)(oi,Pk)
j`FbdNPS d0\a¶$wgr¨JbdNPSxzlrodbdjklr¦`pfNPSe{ahP¦Syl¨ØbdSRoFopS&zP¦jfRlbpj©iP%lmi{`pfNPSR{ah¦©jiP
oi
gi
lm¦©¦	bdNPSTzPopgafSR`p`dgmo`gr¨
Pk
 tMghlrolribdSRS bdNPSTfgi`sbpoplmj©ib
Λ(n)(oi,Pk) ≤ Λobj
«(bpNPSV`dhP`dSb
Pk
j`
`dS&¦SRfbdSe{`dhfNbdN(lbbdNS-d0\a¶$wgr¨bdNPS­P¦©gafbdNlrbxfgmiblrji`/bdNPS­odSRzP¦©jkf&l`gr¨
oi
gi6bpNPS0zPopgafSR`p`dgmo`
gm¨
Pk
j`¦SR`p`bpNlri
Λobj
ª `dS&S?¶j©hPopS  ¬  N8¨ lm¦©¦xP¦©gafa`lropS`ch(fNIbpNlb
Λblock ≤ Λobj
«ºbpNPS&i
Λ(n) ≤ Λobj
«PbdNlmiPa`/bdgnFopgmz:g`djbpj©gi  P ©  
××Ìon7p	qrts
   o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6o,.&
-o*J1o,783Lo 
¶jilr¦¦©^«P¥/S f&gmQzPhabpS bdNPS0Qg`sbhPopmSRibgz(SRoplrbdjgmi¥j©bdNSe¾h(lbdjgmi ª e~ ¬³
ourg = oi ∈ L
(n)
cand
`R  be  ª R~¬
σ(n)
(
oi,P
(n)
best(oi)
)
= max
oj∈L
(n)
cand
{
σ(n)
(
oj ,P
(n)
best(oj)
)
}
UgQTzhabdjiPbdNPS`d0\a¶$w gm¨bdNPSzlmocbpjlm¦`pfNPSR{PhP¦©SNl`­:S&SRi®SazP¦klrjiPSe{ ji¯\_Sefbdjgmi f   iyg¥
SR¤mSRoR«¥NPS&i {PgmjiP`dg«¥S°QVh`cb­bplmmSjibdglf&fghPib%bdNS¨¼habdhodSfgmQQVhPiPjkf&lbpj©gi` ¨¼go%bdNS6{Plrbpl
{PS&z:S&i{aSRifjSR` `dS&ib ^bpNPS¦l`sb0`pfNPSR{ah¦©Se{?gmz:S&olbpj©g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f&gmQQ­hiPjfRlbpj©gi`¥j©¦¦y:S?opS&zP¦jfRlbpSR{Ij©ibdg"bpNPS?`plrQSi_hPQ­:S&o°gm¨YopS&z¦©jkf&l`lm`ZV«Phab°bpNPS¦j©iPa`
¥NS&opSbdNPSR^V¥j¦¦(:Sx`pfNPSR{ah¦©Se{¥j©¦¦(giP¦^V:Sy_iPg¥i°lbºbdNPStiPS_b`cbdSRz°gr¨ Æ \.i% _ux`l%fgi`dSR¾hPS&i(fSm«
¨¼goYlmi
Alg
molrzN?gr¨FbpNPSV¨¼gmopQ 
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f&fghPibbdNPS ¨¼habphPopS%fgmQQVhPiPjkf&lbpj©gi`/gr¨FZV 
¶hPocbpNPS&opQgmopSm«A¥NPSRiV`dS&¦SRfbpj©iybdNS¦j©i_`bpgtfgQzPhabdSbdNSopS&¦jlmPj¦©j©bs^ gr¨abdNSP¦gafa`f&gmopodSe`cz:gmi{a
jiP0bpg%bpNPSR`dS¨¼habphPodSYfgQTQVhPiPjkf&lrbdjgmi` ª F²_lri({ 0Wyj©i6¶jmhodS e ¬«¥/SxfNPg_g`dSbpNPSx¦j©i_`ºNlA¤_j©i0bdNPS
¥/gmo`dSy¨·lrj¦hPodSYolbdSe`&«_jigmo{aS&obdgmh(lrolribdSRSybdN(lbR«a¥N(lbdSR¤mSRoºbpNPS%`dfNSR{ahP¦jiPTfNgmjkfSYQl{aS {ahPopj©iP
bpNPS0iPSby`cbdSRz
n + 1
gm¨ Æ \.i­«
Λ(n+1)
¥j¦¦¹(S0¦SR`p`/bdNlmi
Λobj
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L
(0)
sched
j` SRQzabs^lmi{
L
(0)
candjk`bpNPS0¦©jk`cbygr¨$gmz:S&olbdjgmi(`¥jbpNPgmhabxlmi_^zPopSR{aSefSe`d`dgmo`& $u/bybpNPS
n
<bpN`sbpS&z1«abpNPSR`dS0¦j`cbp`ylmodS hPzJ{PlrbdSR{
lf&f&gmo{aj©i­bpgVbpNPS%{Plrbpl#{aSRz(SRi{aS&i(fjSR`gr¨
Alg
 
u/b SRlfN?`sbpS&z
n
«JgiPS­gz(SRoplrbdjgmi
oi
gr¨½bdNSV¦j`cb
L
(n)
cand
jk`t`dS&¦SRfbdSR{bdg:S`dfNPSe{ahP¦SR{¹  ¶PgoxbpNPjk`&«
¥/S`cSR¦©Sefb%lb bpNPSQjf&odgm8`cbdSRz`
➀
lmi{
➁
«¨¼gmo SelmfN"f&lri({aj{lbdSgz(SRoplrbdjgmi
oi
«1bpNPS:SR`cb­`chP(`cS&b gm¨
zodgafSe`d`dgmo`
P
(n)
best(oi)
bdg0opS&zP¦jfRlbpSylri{`pfNPSR{ah¦©S
oi
«`dhfNTbdNlrb½bdNPS d0\a¶$wgr¨:bdNPSopSR`dhP¦©bdjiP0zlrodbdjklr¦
`pfNPSe{ahP¦Sjk`­¦SR`p`%bpNlri
Λobj
 "MNS&i1«FlmQTgiPbpNPg`dS:SR`cbTz(lrjop`
〈oi,P
(n)
best(oi)〉
«F¥/S6`dS&¦SRfblbTbdNPS
Qjkfopgr#`sbpS&z
➂
bdNPS­gmiPS%N(lA¤jiPTbdNS­PjmSR`cbx{aS&z:S&i{lrP¦S­`pfNPSR{ah¦©S0zPopSR`p`dhPodS ¤lr¦hPS«(jµ  S ©«bdNPS­QTg`sb
hodS&ibYz(lrjo
〈ourg ,P
(n)
best(ourg)〉
 MNPS°`cSR¦©SefbpSR{gmz:S&olbdjgmi
ourg
jk` opS&zP¦jfRlbpSR{£lri{£`dfNSR{ahP¦SR{£lb
bpNPS Qjf&odgm8`cbdSRz
➃
gmiSRlmfNzPopgafSR`p`dgmo/gr¨
Pbest(ourg)
fgQTzhabdSe{lrbQTjkfopgr#`cbdS&z
➁
«lri({°bpNPS%fgQV
QVhPiPjkf&lrbdjgmi`xj©QzP¦j©Se{_^bdNPSe`cSVj©QzP¦S&QS&iblbdjgmi(`tlmodS%lm¦`dg°opS&zP¦jfRlbpSR{lri({?`dfNSR{ahP¦SR{lmf&f&gmo{ajiP
bpgTbdNPS0oplmzPN°bpoplmi`s¨¼godQlrbdjgmi`/gr¨$¶j©hPodSe`  ª l¬/lri{  ª fR¬ ½¡S%fNPSef°lbbdNS0QTjkfopgr#`cbdS&z
➄
j¨bdNPS
Õ¼Ö×1ÕØÇ
 	

	
	 !"
#$%"&
')(+*-,.%
 /0$12))134	
3
567683,.&!9/:61" * m
¨·lmj©¦hPopS°olbdSgmaqsSefbdj¤mSj`V`dlrbdjk`s±Se{"gmoViPgrbe VN8¨yjbTj`ViPgmbR«bdNPS6h`dS&oVfRlri fNlmiPmS°bdNPS¨·lmj©¦hPopSolbpS
gaqsSRfbdj¤mS
Λobj
gmoYhPzPopl{aS%bpNPSlrofNPj©bdSRfbdhPopS
Arc
«	lmi{?opS8SaSefhabpS­bpNPSlr¦mgmopj©bdNPQ %¶j©i(lr¦¦©^«¹¥S
hz:{PlrbdS bpNPS0¦©jk`cbp`gr¨½f&lmi{ajk{PlbpS0lri{`dfNSR{ahP¦SR{gz(SRoplrbdjgmi`lbbpNPS0Qjf&odgm8`cbdSRz
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Alg  Arc  Exe  !"# Λobj $%&'( !*),+.-0/1!23-1+4#3/05768),/02936,+.#:576;!6,/0<=58<;>+&#?9-0+@
A Alg @" Arc 6,>!6BC/0"/0BC/0D.+.5E6,>+FBG!HI+.58J!":!
"#
5,!
6,/057K+.5 Λobj  3@)L!MAN!/0-093),+OBC+.585,!
P(+ $QSRTU	N
V @(BCJ9?6,+W6,>+W58+X6 2P @
AS!-0-589258+Y6,5Z@
A P $[I\ 6,>3+]958+X)Z<&!
"4-0/0BC/06^6,>3+O#3+.P
),+.+ k @ASJ3),@_<X+.5858@)L<.@(BM2/0"!6,/0@("5 \
[
L
(0)
cand := { @(JU+X);!6,/0@("5a`a/b6,>@936ZJ3),+&#?+.<.+.5858@
),5 } $
L
(0)
sched := ∅ $
n := 0 $c 	NR
L
(n)
cand 6= ∅ d

➀ e@
)Z+&!<;>4<&!
"#3/1#3!
6,+f@(JU+Y);!
6,/0@(" oi ∈ L(n)cand  3<.@(BCJ3936,+ σ(n)(oi,Pk) A@)Z+&!<;>45893258+X6 Pk @A 2P g
➁ e@
)Z+&!<;>4<&!
"#3/1#3!
6,+f@(JU+Y);!
6,/0@(" oi  58+.-0+.<Y6Z6,>3+]2U+.576Z5892358+X6 P(n)best(oi) ∈ 2P 589<;>6,>!
6

σ
(n)(oi,P
(n)
best(oi)) = min
Pk∈2
P

σ
(n)(oi,Pk) |
Λ(n)(oi,Pk) ≤ Λobj
ff
➂ hT+.-0+.<X6a6,>+]BC@576Z93),P(+X"T6a<.!"#?/1#!
6,+f@JU+X);!
6,/0@" ourg !BC@("3PC!-0- oi @A L(n)cand 589<;>6,>!6

σ
(n)`
ourg,P
(n)
best(ourg)
´
= max
oj∈L
(n)
cand

σ
(n)`
oj ,P
(n)
best(oj)
´
ff
➃ hT<Y>3+&#393-1+W+&!<;>=),+.J3-1/0<&!@
A ourg @("4+.!<;>4J3),@_<.+X5858@)L@A P(n)best(ourg) $
➄
	i
(P(n)(ourg) = ∅)
R3
R?&kj AN!/0-05Z6,@l5,!
6,/057AmA!/0-093),+f);!6,+f@(2Tn7+.<X6,/0oI+Yp $ RTq	r $[I\ 6,>3+]958+Y)L<.!"4BC@T#?/0Arm Λobj !"#F),+Xst+Xu?+.<.9?6,+W6,>+O!
-0P(@),/b6,>3B \
[
➅ vLJ%#!
6,+L6,>+f-0/0576,5Z@
AS<&!"#3/1#!6,+f!"#=58<;>+&#?9-0+&#@JU+X);!
6,/0@"5 
L
(n)
sched := L
(n−1)
sched ∪ {ourg} $
L
(n+1)
cand := L
(n)
cand − {ourg} ∪
{t′ ∈ succ(ourg) | pred(t
′) ⊆ L
(n)
sched} $
➆ n := n + 1 $
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Alg
molrzPN`%gr¨ rgz(SRoplrbdjgmi`0SelmfN1«$¥j©bdN l
UgQQ­hPiPjkf&lrbdjgmiaµbdgmsUgQzPhabplrbdjgmiwylbpj©g `dSbbdg     ºlmfNvgm¨ bdNPSe`cS?oplmzPN`¥/S&opSbdNPSRi mj¤mSRi
bpg Æ \.i ¥j©bdN bpNPSbs¥gINPSbpS&opgmmSRiPS&gh`
Arc
oplmzPNvNlA¤_jiP®opSR`dz(Sefbpj©¤S&¦^ f¯lri{~ zPopgafSe`d`dgmo`&«
f&gmQzP¦SbpS&¦^ fgmiiPSRfbdSR{1 ®MlmP¦S  mj¤mSe`­bpNPSj©i({aj©¤_jk{ahlm¦¨·lmj©¦hPopS6olbpSR`Tz:S&oTbdjQShiPjbgm¨tlr¦¦bdNPS
zodgafSe`d`dgmo`/lri{fgQTQVhPiPjkf&lrbdjgmi¦©jiPa`j©ibpNPS9fzPodgaf&SR`p`cgop`/lrofNPj©bdSRfbdhPopSm 
ny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 r~
λ1,2 = 10
−4 λ5,6 = 10
−5 λm = 10
−3
MlrP¦Sm³F¶lmj©¦hPopS oplrbdSR`/z:S&obpj©QS0hPijbyjibdNPS9fzPopgafSR`p`dgmo`lmopfNPj©bdSef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i¦j©iPa`jibdNPS%~TzPopgafSe`d`dgmo`lmopfNjbpSRfbphPopSR`
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